Lithospermum erythrorhizon has long been used in traditional Asian medicine for the treatment of diseases, including skin cancer. The oral toxicity of a hexane extract of Lithospermum erythrorhizon root (LEH) was investigated in Beagle dogs by using single escalating doses, two-week dose range-finding, and 4-week oral repeat dosing. In the single dose-escalating oral toxicity study, no animal died, showed adverse clinical signs, or changes in body weight gain at LEH doses of up to 2,000 mg/kg. In a 2 week dose range-finding study, no treatment-related adverse effects were detected by urinalysis, hematology, blood biochemistry, organ weights, or gross and histopathological examinations at doses of up to 500 mg LEH/kg/day. In the 4 week repeat-dose toxicity study, a weight loss or decreased weight gain was observed at 300 mg/kg/day. Although levels of serum triglyceride and total bilirubin were increased in a dose dependent manner, there were no related morphological changes. Based on these findings, the sub-acute no observable adverse effect level for 4-week oral administration of LEH in Beagles was 100 mg/kg/day.
INTRODUCTION
In traditional Asian medicine, Lithospermum erythrorhizon (LE), Jichi, is used for the treatment of skin rash, pimples, eczema, measles, ulcers, burns, chicken pox, hepatitis, skin cancer, and constipation. LE root extracts have been shown to contain shikonin and its derivatives. These compounds have pharmacological properties that are beneficial for disease treatment, including anti-inflammatory (1), anticancer (2), antimicrobial, anti-allergic (3), and wound healing effects (4, 5) . Shikonin exerts anti-tumor effects by inhibiting cell growth and inducing apoptosis (6) (7) (8) (9) (10) . Shikonin, acetylshikonin, and isobutyrylshikonin also produce anti-tumor effects by inhibiting angiogenesis and suppressing tumor growth (11) . Shikonin also has anti-tumor activity via effects on oxidative stress (12) .
The main active ingredients of a hexane extract of LE root (LEH; the substance tested in the present study) are naphthoquinones: shikonin, deoxyshikonin, β-hydroxyisovalerylshikonin, acetylshikonin, and isobutyrylshikonin (3) . LEH induced apoptosis in B16F10 cells by activating caspase 3 and inducing sub-G1 cell cycle arrest. It also exhibited anti-cancer activities in vitro and in vivo.
However, there are no published toxicological reports relating to LEH. Therefore, the aim of this study was to evaluate the safety of LEH in dogs by examining its subacute toxicity following repeat oral dosing for 4 weeks.
Four-week repeated dose oral toxicity study with a two-week recovery and toxicokinetic analysis. Three animals of both sexes in each group were weighed and administered with either LEH at doses of 30, 100, and 300 mg/kg/ day or its vehicle at a volume of 2 mL/kg for 4 weeks. This study also assessed the reversibility of any adverse findings during a two-week recovery period and determined systemic exposure to the test substance in a toxicokinetic study. Clinical signs and mortality were examined every day, and body weights and feed consumption were measured on Day 0 and once a week during the dosing and recovery periods. Ophthalmologic examination, electrocardiography (ECG), urinalysis, hematology, and blood chemistry were examined prior to dosing, in Week 4 of the dosing period, and in Week 2 of the recovery period. At the end of the dosing and recovery periods, dogs were sacrificed under deep anesthesia with a thiopental sodium overdose. Complete gross postmortem and histopathological examinations were conducted.
For the ophthalmologic examination, a mydriatic agent (SOPTO-AtROPINE®, Alcon-Couvreur, Belgium) was instilled into both eyes and examination of the anterior segment, transparent media, and ocular fundus was carried out macroscopically using an ophthalmoscope (PRACTITIONER, Keeler, UK).
The heart rate, R-R interval, P-R interval, QRS duration, Q-T interval, QT correcting, and mean electric axis (AXIS) were recorded using an ECG system (Cardiomax FX-3010, FUKUDA DENSHI, Japan).
For urinalysis, fresh urine samples were collected within 3 hr and analyzed for pH, protein, glucose, ketone bodies, bilirubin, red blood cells (RBC), color, and turbidity using either an autoanalyzer (cobas u 411, Roche, Germany) or test kit (Combur10Test ® M stick; Roche Diagnostics, Mannheim, Germany).
For hematology, 1 mL of whole blood was collected into a CBC bottle containing EDTA and examined using a hematological autoanalyzer (ADVIA 2120i, SIEMENS, Germany). The hematological parameters examined included the total RBC count, hemoglobin concentration (HGB), hematocrit (HCT), mean cell volume (MCV), mean cell hemoglobin (MCH), mean cell hemoglobin concentration (MCHC), the platelet count (PLT), the total white blood cell count (WBC), WBC differential counting (neutrophil, lymphocyte, monocyte, eosinophil, and basophil ratio), reticulocyte (Reti), prothrombin time (PT), and activated partial thromboplastin time (APTT). For the blood coagulation time test, plasma samples were examined using an automatic analyzer (Coapresta 2000, SEKISUI, Japan) for PT and APTT.
For blood biochemistry analyses, 3 mL blood was centrifuged to collect serum samples. Serum samples were analyzed using an automatic analyzer (7080, HITACHI, Japan). The parameters examined included alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyl transpeptidase (GGT), blood urea nitrogen (BUN), creatinine (Crea), total bilirubin (TBili), albumin (Alb), globulin (α1, α2, β, γ), A/G ratio, total cholesterol (T-Chol), triglycerides (TG), glucose (Glu), phosphorus (P), calcium (Ca), potassium (K), and chloride (Cl).
All surviving animals were exsanguinated under thiopental sodium anesthesia. All animals were subjected to complete gross postmortem and histopathological examinations.
Absolute and relative organ weights were determined for the brain, pituitary gland, thymus, thyroid gland, heart, kidney, liver, adrenal, and spleen, in addition to the testis, prostate, and epididymis, or uterus and ovary, as appropriate.
The following organs were excised and fixed in 10% neutral buffered formalin: brain, pituitary, thyroid and parathyroid, thymus, lung, trachea, heart, liver, gall bladder, spleen, kidney, adrenal, kidney, lymph nodes (submandibular and mesenteric), submandibular gland, esophagus, stomach, duodenum, jejunum, ileum, cecum, colon, rectum, pancreas, urinary bladder, mammary gland, skin, tongue, thoracic spinal cord, skeletal muscle, sciatic nerve, eye with optic nerve, and femur with bone marrow, as well as the testis, epididymis, and prostate or uterus, ovary, and vagina, as appropriate. The eyes and testis were fixed in Davidson's solution. Decalcification was performed with Calci-ClearRapid TM solution (National Diagnostics, USA). After fixing, the organs and tissues from all study groups were prepared for microscopic examination by routine tissue processing, embedding in paraffin, sectioning, and staining with hematoxylin and eosin.
For toxicokinetic analyses, blood samples were collected on Days 1 and 28 as follows at 0, 0.25, 0.75, 1, 2, 4, 6, 10, and 24 hr after administration (10 time-points). Blood samples were collected from the cephalic vein using heparinized syringes and centrifuged at 12,000 rpm for 3 min at 4 o C, and plasma samples were stored at −80 to −60
Analyses of plasma levels of the test substance in plasma were performed using a liquid chromatography-tandem mass spectrometry (LC/MS/MS) method (Prominence, SHIMADZU Co., Ltd., Japan and API5500, AB Sciex, Pte. Ltd., USA). The following parameters were calculated for acetylshikonin, as an index analyte; AUC (area under the plasma concentration-time curve), C max (maximum observed plasma concentration), T max (time of occurrence of C max ), and t 1/2 (apparent terminal half-life).
Statistical analyses were carried out using the SAS program (version 9.1.3, SAS Institute Inc.; Cary, NC, USA). The body weight, food consumption, ECG, clinical pathology data, and organ weights from the control and test substance-treated groups were analyzed by one-way of variance (ANOVA) following Bartlett's test to determine the homogeneity of variance (p < 0.05, two-sided). If variances were not homogeneous, the data were analyzed using the nonparametric Kruskal-Wallis test. If statistical significance was observed (p < 0.05), the control and treated groups were compared using either Dunnett's multiple comparison test (homogeneous data, p < 0.05, two-sided) or Steel's multiple comparison test (heterogeneous data, p < 0.05, twosided).
RESULTS AND DISCUSSION
Single oral DES. Throughout the experimental period, no dead or moribund animals of either sex were observed in the control and treatment groups. Diarrhea and/or vomiting were observed after oral administration of 500, 1,000, and 2,000 mg/kg LEH. There were no significant differences in body weight gain (Fig. 1 ) or necropsy findings in the control and treatment groups. Therefore, the maximum tolerance dose (MTD) of LEH was 2,000 mg/kg under the conditions employed in this study. Two-week repeated oral dose range-finding study. There were no dead or moribund animals in the control or treatment groups. Compound-colored stools, soft stools, and/or diarrhea were often observed in all of the LEH-treated groups, and vomiting was sporadically observed. At 500 mg/kg/day, salivation was often observed. There were no significant differences in body weight gain (Fig. 2) and food consumption between the study groups. T-Bili was dosedependently increased. No treatment-related adverse effects on urinalysis, hematology, organ weights, or gross and histopathological examinations were detected. Therefore, 300 mg/kg/day was selected as a high dose for the 4 week repeatdose oral toxicity study. Dose levels of 100 and 30 mg/kg/ day were also selected as mid and low doses, respectively.
Four-week repeated dose oral toxicity study with a two-week recovery and toxicokinetic analysis. During the dosing period, there were dose-dependent increases in salivation, vomiting, soft stools and/or diarrhea in LEHtreated groups. These symptoms were not observed during the recovery period, after dosing had ceased. In Week 4, body weight loss (−6%) or a decrease in body weight gain (> 50%) was observed in males and females, respectively, receiving 300 mg LEH/kg/day, as compared to the control animals (Fig. 3) . The weight loss or reduced weight gain was related to vomiting and diarrhea, and were thus test substance-related effects. No significant differences in food 5  3  3  5  5  3  3  5  5  3  3  5  5  3  3  5  2  2  2  2   Color  Pale yellow 1  3  2  4  2  3  2  2  2  1  1  Yellow  4  3  3  1  1  3  3  3  1  4  2  2  1  2  2  2  2  Amber  1  4  1  1  Brown  3   pH  5  2  1  1  6  1  2  1  6.5  1  1  1  1  7  1  1  1  8  3  2  1  3  2  3  3  3  5  3  3  4  4  1  3  2  1  9  1  1  2  3  2  1  1   Protein  -3  3  2  5  4  3  3  5  3  2  2  2  5  2  3  1  1  1  2  2  (mg/dL)  25  2  1  1  2  1  1  3  1  4  1  1   Glucose  -5  3  3  5  5  3  3  5  5  3  3  5  5  3  3  5  2  2  2  2  (mg/dL)  50   Ketone body  -5  3  2  5  5  3  3  5  5  3  2  2  4  2  2  2  2  2  1  2  (mg/dL)  5  1  1  3  1  1  1  3  1   Bilirubin  -5  3  2  5  5  3  3  5  5  3  1  5  5  2  3  3  2  2  2 consumption were observed during the dosing and recovery periods (data not shown).
In addition, there were no considerable changes in ophthalmologic parameters (data not shown). In Week 4, the ECG exhibited a significant increase in the QT interval in males receiving 30 mg LEH/kg/day (p < 0.05) ( Table 1 ). The increase in QT interval in males at 30 mg/kg/day was not considered to be a significant difference, as compared to pre-dosing values. In the recovery group, there were no abnormal changes in ECG. 15.8 ± 1.9 15.2 ± 1.9 15.1 ± 1.6 15.7 ± 2.4 No significant changes in urinalysis parameters were observed following LEH treatment in main and recovery group (Table 2 and 3) .
In Week 4, PLT numbers were higher in females receiving 30 mg LEH/kg/day, as compared to controls (p < 0.05) ( Table 5 ). In males dosed with 30 mg/kg/day, α1-globulin and P were increased, while β-globulin was decreased (p < 0.05). In males receiving 300 mg/kg/day, P was decreased (p < 0.05). T-Bili was also increased in males and females receiving 30 and 300 mg/kg/day (p < 0.05) (qj 7). TG was increased in both sexes receiving 300 mg/kg/day (p < 0.01). In the recovery group, there were no abnormal changes in hematologic and blood biochemical parameters. The increased PLT in dogs receiving 30 mg/kg/day and the decreased P effects because the acidophilic material appeared the test substance which induced vomiting and influx into the lung. A red focus was observed in one male treated with 30 mg/kg/day. This lesion arose from mucosal congestion and was considered to be incidental. The other lesions were considered to be spontaneous and of no toxicological significance. Toxicokinetic studies (Table 10) found that blood concentrations of acetylshikonin, as an index analyte, were dose-dependently increased on Day 28, but there was no dose-dependent increase on Day 1. There were no gender differences; however, repeat dosing resulted in test substance accumulation on Day 28, as compared to Day 1.
In conclusion, the results indicated that sub-acute administration of LEH at a dose of 100 mg/kg/day or less did not produce any toxic effects in dogs. These data suggested that the no observed adverse effect level (NOAEL) of LEH was 100 mg/kg/day in Beagle dogs. 
